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Abstract 

Conventional Home Automation Systems lack many of the essential properties of home automation system, 

which are now easily accessible with modern technologies like IoT where every device is connected and 

can be controlled through internet. The proposed system presents a standard home automation system with 

all requirements an automation system has like – scalable, configurable, DIY and serves the most important 

function which is plug and play. Firstly, this paper discuss the merits and demerits of mainstream works on 

home automation system. Next, key enabling technologies – Cloud (Pubnub), Android Applications, WiFi 

Module (ESP 8266), Raspberry Pi have been discussed. User interfaces for web, pc and mobile devices are 

designed for this system. Also, algorithm has been constructed for connecting Wi-Fi/Bluetooth module with 

the system to control wirelessly. Smart home security system has been added by using PIR motion Sensor. 

Lastly, data have been measured from the different sensors and power consumption of the devices were 

calculated and showed on a graph. . Then, electricity bill consumption has been calculated and sent by sms 

to the user.  Global and local accessing from web interface and Android Application to control devices and 

configurable feature (change as per require) makes the system a standard home automation framework. 

Keywords: Android, Cloud, Home automation system, Raspberry Pi, WiFi Module ESP8266 

Introduction  

The smart home concept refers to the ability of controlling all home appliances smartly (less human 
interaction). This technology was used to control HVAC (Heating, Ventilation and Air-
Conditioning) as well as fire safety and security, control by a central computer [1]. Recent 
evaluation of IoT technology has made possible this technology to provide various features for 
security, surveillance, lighting, energy management, access control, entertainment-appliances, 
communication, interfaces and software [2-4]. Although, it is a decade old concept, unfulfilled 
technical requirements including plug and play, scalability, flexibility, reliability, safety, standard 
wireless home automation protocol, diagnostics services to track potential problems which makes 
it an interesting research area [5]. 

 Recent researchers represent different approaches focusing on performance, 
security and energy awareness issues to remove the barriers. The Raspberry Pi (a single board 
computer) integrating with Arduino (open source platform which provides microcontroller 
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boards and IDE) consider as a promising solution to develop a prototype for home automation 
[6-11]. In [12], distributed discovery protocol has been implemented using a plug and play 
enabled architecture. However, his study did not offer control and network protocols. Milton 
and Khan [13] proposed a remote exploration and control system using web application, web 
server, database, GSM and Android mobile phone. Connecting the phone with electrical 
devices to control devices makes the system costly and requires expert installation. In [14], a 
Bluetooth base home automation system is presented. The system uses primary controller to 
connect with sub controllers physically installed on individual devices. Connecting single 
Bluetooth controller with numerous devices causes a delay and short range of Bluetooth 
networks limit. Al-ali and Al-rousan [15], developed a JAVA based automation system 
integrated in personal computer based web server acting as central controller. In [4], JAVA on 
Raspberry Pi, using Pi as sensor web node has been built for home automation system. Pi4J 
library is used to access Raspberry Pi by JAVA. JAVA provides the system with built-in 
security, but limits the flexibility of the system [17]. Since JAVA requires JVM to run the java 
applications, every time the system reboots, it requires to start the program manually. Though 
this issue can be solved by configuring boot menu of the Pi, it requires expert technician.  

Although, many companies (insteon, iSmartAlarm, Amazon, Philips) provides 
home automation but, most of them provide services as discrete kits (lighting kits, security 
kits, weather kits) which makes the system costly. In addition, they are still not adaptable in 
every environment specifically old infrastructures. A comparison among various 
technologies in major properties of home automation - networking technologies privacy 
issues, and their degree of desirability has been conducted in [5]. To Interface the home 
automation system with networking technologies, web application and mobile device 
application which are rated as the most degree of desirability are both used to control the 
appliances in local and global network [18, 20]. Another feature is that the proposed system 
achieved is the providing of the encrypted text to store user data. The PubNub [16] is used 
as data streaming technology to provide built in Enterprise-Grade Security with other 
features of modern home automation systems. From above discussion, it is understood that 
proposed system meets all the requirements which makes it different and ideal from other 
home automation systems. 

  At first, the paper discussed about the literature review. Enabling technologies 
such as cloud, android application Wi-Fi module are presented in Enabling Technologies. 
Next section is about system architecture and last section contains the results and discussion 
part of the paper. In the conclusion, the major findings of the work has been presented and 
what can be done in the future are also described. 

Enabling Technologies 

IoT provides networking to connect people, applications, and data through the Internet to 
enable remote control, management, and interactive integrated services. That’s why IoT is so 
important in modern home automation as it provides all the features of IoT [21-23]. Figure 1 
shows proposed smart home system. To make the system cost effective and attractive to the 
potential users, web based and mobile application based controllers are used for both global 
and local users. Free cloud system is used in the system to stream the data between internet 
and central controller-Raspberry Pi. 

Cloud 

Communicating from local network is easier than communicating from internet applications. 
Cloud services are only cost effective options for this kind of services. In proposed system, 
PubNub is used as cloud system since it considers as a platform specific SDK, built-in security 
(multiple data encryption standards like AES and TLS/SSL) and free service. JavaScript SDK 
is used for web application while Python SDK is used for server side applications. 
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Figure 1. Proposed smart home system 

Android Applications 

Open operating system Android application based controller is used as Android mobile 

platform (smart phone, tablet) in the proposed system. While, open source language JAVA 

is used to develop the Android application. 

WiFi Module 

Wireless M2M (machine to machine) networking is the only solution for any wireless and 

plug and play automation systems. Bluetooth technology has some limitations as mentioned 

in above section. Therefore, WiFi Module- ESP8266 is used for wireless networking 

between node devices and central controller. IEEE 802.11b/g/n protocol for wireless local 

area network (WLAN), integrated minimum 512K flash disk with additional Bluetooth co-

existence interfaces and pre-programmed firmware give the designer full freedom to use it 

as per requirement. IoT provides low cost, low power compared to other networking shields. 

This module is also used for other custom WiFi modules such as – SparkFun Blynk Board- 

ESP8266, XBee Wi-Fi OEM module. ESP8266 v.4 is used in the proposed system. 

PIR Motion Sensor  

Human Beings emits thermal energy of wavelength around 9-10 micro-meter every day. 

Pyro electric or Passive Infrared Sensor (PIR) [24], [25] is an electronic device which is 

designed to detect this IR wavelength when a human being is in its proximity. To have a 

wide range for detection a simple lens is used. Sensors may also be calibrated in such a way 

so as to ignore domestic pets by setting a higher sensitivity threshold, or by ensuring that the 

floor of the room remains out of focus Figure 2 shows the working principle of PIR motion 

sensor.  
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Figure 2. Working principle of PIR sensor 

GAS Leaking Warning System 

The proposed model can detect if there is fire or not by a smoke sensor which is shown in 

Figure 3. It is an electronic device which measures the smoke density and a signal is sent to 

micro-controller. Then according to the micro-controller set point, one can modify the output 

like enabling a buzzer so that there is an indication of gas leakage in one’s home. Figure 4 

shows the connection pin diagram by which one can set it with Arduino or any 

microcontroller.   

 

Figure 3. Arduino compatible smoke sensor 

 

Figure 4. Connection diagram of smoke sensor with Arduino 

Fire Alarm System 

Infrared based Photo transistor with a flame sensor LM393 has been used to detect any kind 

of flame in home [26].  When any flame is detected then the digital output of the sensor is 

sent to microcontroller and necessary actions are taken to notify the user.  
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Figure 5. LM393 Flame Sensor  

Rain Sensing  

M009 rain sensor has been used to identify rain. When the rain drops on its surface, there is 

a full path of conducing current. By this the module receives information about rain and a 

signal is sent to the micro controller to and user is notified.  

 

Figure 6. Rain Drop Sensor 

Raspberry Pi 

Raspberry Pi is a single board computer, a mainstream system subject to widespread 

availability and low cost than other single board computers (BeagleBone Black, Cubieboard, 

BananaPi). With ARM Cortex processor & 512 MB RAM, a Raspberry Pi 2 is more adequate 

board for home automation systems. The amounts of work done using Raspberry Pi platform 

in multiple areas and their outcomes proves it as a reliable platform. 

System Architecture 

The proposed system has been designed in 3 levels: Design of Node Devices, Design of Base 

Station and Design of Controller. Figure 7 represent the algorithm of the full system. 

Abstraction of each level is discussed in following sections: 

Design of Node Devices 

Each room/component has a node device (Arduino uno/micro-controller or ESP8266 module 

(built-in microcontroller)) integrating with ESP8266 WiFi board mentioned above section. 

All the sensors and actuators are connected with microcontrollers. These microcontrollers 

act as slave devices, they execute the commands sent by central controllers or sent the sensed 

data by the sensors. The proposed system controls the switching devices (Different kinds of 
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lights generally used in homes), cooling systems (AC, Fan), entertainment systems (TV, 

Sound System) and wash room devices (Water Heater, Shower). They all are connected 

either individually (ESP8266 module) or as bundle with microcontroller/ Arduino.  

Figure 7. Algorithm of the proposed system 

Design of Base Station 

The core of control unit of the proposed system is Raspberry Pi. It is the base station (central 

controller) of the system and used as web server and application server. To make the system 

cost effective and user friendly, a Bluetooth module is also used for local users which is 

useful for internet failure in home network. Unlikely PC based or smart phone based home 

automation systems, with 40 i/o (I2C) pins called GPIO, HDMI and display ports it can be 

slave device and controller at the same time as well.   

Design of Proposed Controller 

For simplicity and keep the interface user friendly to potential users, both controller (web 

application and android application) use same interface shown in Figure 8. Figure 9 shows 

the user android interface. The first picture is the login page which enables the user to put 

username and password. After that the user will trigger the system to run the authorization. 

The next screenshot shows the home system interface which includes the buttons to display 

master bedroom, bedroom, garage and outdoor. 

 

Figure 8. User interface of dining room and bedroom 
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Figure 9. User interface of android application 

The last screenshot of Figure 9 shows the intensity control of two lights. 

Additional bonus for mobile application can access the system through the Bluetooth of 

the mobile device. Both applications require user specific name and password to access the 

system generated by the home owner. Both ends use MySQL and PubNub API as database. 

Every time system stores its current data in MySQL DB (database). So even if the internet 

connection fails there will be no impact on state of the system. On reconnection, system 

will read data through MySQL DB, so user will get the most current state of the system. 

Figure 10 shows how a sample database entry looks like. The recent data are stored in these 

database entries. Like android device the system can be controlled from desktop also. 

Figure 11 shows the screenshot of user interface in pc software. First screenshot shows the 

login page and the last two pictures show the current status of light (on/off) and one can 

increase or decrease the intensity of light. The last interface of Figure 11 also shows the 

room temperature, humidity and air quality. The last interface screenshot also shows data 

for house. 

 

Figure 10. Sample database entry 
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Figure 11. User interface in PC software 

The sensor data can be downloaded from web interface which is shown in 

Figure 12. The humidity, temperature and air quality have been shown in the figure which 

were measured for the whole day. The sensor nodes were used to collect the measured 

data and after that the graph was plot in order to visualize the result properly. These data 

can be used for post processing to conduct the needs of different applications. With the 

help of the algorithms each sensor raw signal is used and Equation 1 is used to measure 

peak to peak values. After converting instantaneous values to rms values, average power 

is calculated using equation 2 [27]. 

                        (1) 

where Ax is the analog port of the input signal, Vpp is the peak to peak amplitude of the 

input signal, maxval is the maximum peak value of the signal, minval is the minumum peak 

value of the signal, Vref is the 5V DC reference voltage of Arduino and ADCval is the 210 

range of the ADC 1024. 

                                                     (2) 

 After calculating power these values are shown in terms of graph in Figure 13. 

These data are measured for the whole day. Individual readings are there for TV, fridge, 

light, fan oven, AC (1 TON). The figure also shows the total power output. The data are 

measured for every single hour for one day.  
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Figure 12. Sensors data 

 

Figure 13. Power consumption of the appliances 

Figure 14 and Figure 15 show the codes for connecting Wi-Fi module, which 

receives the commands from the android or web interface and execute by raspberry pi. The 

CT sensor (non-invasive current sensor) sends its data to the Arduino coupled with the 

Ethernet shield. The received data is processed by Arduino (Arduino IDE commands), and 

as a result, the energy consumed, and the price for the units consumed is sent to the database 

using the connected Ethernet shield. The load cell and the ADC module senses electricity 

bill and when the value reaches less than the set field, the bill amount is then send to the 

database for further utilization. Figure 16 shows the database for electricity bill. The 

information of energy consumption is then send by SMS to the user, which is shown in 

Figure 17. The overall control algorithm of this billing information is depicted by the 

flowchart of Figure 18. 
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Figure 14. Code for connecting Wifi module (Part 1) 

 

Figure 15. Code for connecting Wifi module (Part 2) 

 

Figure 16. Database for the electricity bill consumed 
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Design of Fire Detection System 

Design of Home Security System  

Motion system is designed in such a way that it will be situated in the entrance of a house. 

These sensors will begin to work if any movement of humans are occurred in the range 

of the PIR sensor. A signal is sent to the micro-controller when motion sensor detects 

something. The owner will receive a voice call on his mobile phone and a SMS [24] 

about any intruder. To control the full house, other motion sensors can be placed and 

they will notify the controller about any intruder from those places. 

Design of Smart Guest Welcoming System  

This system is to design for welcoming guest at owner’s house when he is not present. 

When any guest will arrive, a notification will be sent to the owner’s mobile. Then the 

owner can turn on air-condition, light, fan etc. by pressing desired button.    

The user will be notified also when any guest will leave his house. He can turn 

off the appliances with the help of micro-controller. Figure 19 shows the Home security 

and smart guest welcoming flowchart control. 

Design of Gas Leakage System  

When there is any gas detected by the gas detector sensor, the microcontroller will 

receive a signal. Then this signal will be stored on database for further instruction. After 

that the database will sent a predefined message to the user by using internet. Figure 20 

shows the notification received by the user. In Figure 21 overall process of gas detection 

system is shown in a flowchart.  

 
 

Figure 17. User notification 

messages about electricity bill 

Figure 18. Flowchart for 

sending bill information to user 
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Figure 19. Flowchart of 

Home Security System 
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In case of any fire, the flame sensor LM319 will sense and send a signal to the 

micro controller. After storing the information, a message is sent to database and to user by 

SMS. Figure 22 shows the notification of the fire which has been sent via SMS. Overall 

process has been shown by a flow chart in Figure 23.  

 

 

  

 

Figure 20. Notification of gas 

leakage via SMS from server 

 

Figure 21. Flowchart of 

gas leakage detection 

Figure 22. Notification of fire 

via SMS from server 
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Figure 23. Flowchart of fire 

detection 
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Design of Rain Detection System 

The rain sensor detects any rain outside home and send a signal to the micro controller and 

the user by SMS. Figure 24 shows the SMS notification which was received by the user. 

Figure 25 shows the over flowchart of the above process.  

  

 

Comparison with Other Studies 

Table 1 shows the comparison of different previous studies with the proposed system. From 
the comparison, it is understood that the proposed system is better in all respects.  

Table 1. Comparison of Previous Studies with Proposed System   

Comparison 

Indicators 

Reference 

[12] 

Reference 

[13] 

Reference 

[14] 

Reference 

[15] 

Proposed 

System 

Cost  Medium Very high Medium High Low 

Control No Yes Yes Yes yes 

Flexibility Not flexible Not 

flexible 

Flexible Not 

Flexible 

Very 

Flexible 

Wireless Connection Bluetooth Wi-Fi Bluetooth Wi-Fi Wi-Fi and 

Bluetooth 

Energy 

Consumption 

monitoring 

No No No No Yes 

 

 

Figure 24. Notification of rain via SMS 

from server 

Figure 25. Flowchart of Rain 

Detection System 
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Conclusions 

The proposed system with Arduino, Raspberry Pi, ESP8266 and a number of open-source 

software packages covers most of the present issues in home automation systems which 

ensures low cost, scalability, plug and play and configurable. The detailed design presented 

in this paper clearly demonstrates the potential of the proposed system. The system requires 

no knowledge on electrical systems or programming to install and manage the system as per 

requirement. As future work, the proposed system can be expanded in many aspects. For 

example, data visualization, management and analysis can be used to monitor the total usage 

power which will give the user more flexibility. Surveillance systems can also be included 

for security purpose and intruder detection. 
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